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dropwise with vigorous stirring. After slight eva-
poration the required brown precipitate separated
out, which was filtered, washed with methanol and
dried in vacuo (Found: S, 15'8; Co, 7·25; N, 3·..•.5.
C••H ••Cl,CoN,OsPsS, requires S, 15'64; Co, 7'31;
N,3·2 ..•.%).
The brown complex is diamagnetic, indicating
a low spin Co(IU) system. A broad moderately
intense band at 1510 em? in the IR spectrum may
be ascribed to vC=N, which is slightly lower than
is usually observed for the other dimethylglyoximato
complexes of trivalent ions", The two medium
strong bands at 1075 and 1235 crrr-, assigned to the
vN-O are due to unequal N-O linkages. This is in
conformity with the X-ray studies of Ni(U) and Cu-
(II) complexes of dimethylglyoxime", A weak band
around 865 crrr! could be due to OH deformation
vibration. The spectrum of the complex in the
visible region indicated a broad band with peaks
around 19200 and 20600 crrr-, and a shoulder at
14900 cm+, The split band around 20000 ern+
may be due to lAu-+IT It transition in an octahedral
symmetry with splitting occurring due to the
spectrochemical differences between the ligands
coordinated to the metal atom.
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The association constants of monoasldo complexes,
MNt, for M = Ni(II), Zn(lI) and Cd(II) have been
determined potentiometrically usina silver-silver azide
electrode. The results have been compared with those
of monothiocyanato and monoselenocyanato complexes.
Inner-sphere bondina is indicated in the complexes.
THERMODYNAMICS of formation of thiocyanatoand selenocyanato complexes of some bi- and
trivalent metal ions have been studied by Das and
coworkersv", It was thought useful to extend the
work to another pseudo-halide ion, Ns. The present
paper reports the stability constants of azido com-
plexes of Ni(II). Zn(II) and Cd(II) at 250 determined
by potentiometric method using silver-silver azide
electrode.
62..•.
Stock solution of metal perchlorates were prepared
by dissolving the corresponding carbonates (AR) in
dilute perchloric acid (Merck, GR) and were estimated
by standard gravimetric procedures. Sodium azide
(Reidel) was crystallized twice before use.
Silver-silver azide electrodes, prepared by the
method of Taylor and Nimss, were equilibrated in
the cell solutions for ..•.8 hr before use. The electrode
set-up has been described in a previous paper and
was kept in an air-thermostat (25° ± 1°). E.m.f.
measurements were made with a OSAW potentio-
meter (model 30071) in conjunction with a multifiex
galvanometer.
lAg. AgN,(s) II NaN3(aq.))) Satd. II NaNa(aq.) ) AgNa(s),NH.NO, M(C10,)t(aq.) Ag.
(Half-cell I) (Half-cell II)
(A)
The cell of the type (A) was set up.
It has been observed earlier that in such a cell the
small liquid-junction potential which may be existing
does not seriously vitiate stability constant results.
The e.m.f. of the cell is given by the expression
E =RT I a(I)
F n a(Il)
where a represents the activity of the N; ion. a(I)
being known from the concentration and activity
coefficient of Ni in half-cell I, a(U) were easily cal-
culated from Eq. (1). Concentrations of different
species in equilibrium [Mz+. Ni. MN;. M(Na)s] in
the half-cell II were calculated by a series of
approximations and refinements as detailed in our
earlier work-. Both Kl and approximate value ofKz
[MN;] 1
Kl = [M2+][NaJ'JJ+ ... (2)
and
... (1)
'" (3)
(assuming activity coefficients of species of similar
charge to be equal) were calculated using Eqs. (2)
and (3) respectively and the values are presented
in Table 1. The activity coefficients of the ions in
the solutions were calculated from the ionic strengths
with the help of Davies equations.
A comparison can be made of our results with
those found in the literature. Gerding" has calori-
metrically determined the free-energy, enthalpy
and entropy changes of formation of the azido
complexes of Cd (II) in 3M solution of sodium
perchlorate at 25°. The!::J..Gof formation of CdN1
was found to be -9·25 kJ mole+ against our
thermodynamic value, !::J..Go= -13·5 kJ rnole+, at
zero ionic strength (calculated from the relationship:
aGo = -RT in K). It is difficult to compare the
two results as, in very high ionic strength, it is not
possible to evaluate the activity coefficient terms.
However. qualitatively one expects lower stability
at higher ionic strength in agreement with our
findings.
TABLE 1- STABILITYCONSTANTSOF AZlDO
COMPLEXESOF Ni(II), Zn(II) AND Cd(II)
Compo- Composition of e.m.f. K1 Ks
sition of half -cell II (V) (approx.)
half-cell I
[NiJ in Ni in [M(CIO,)sJ
moles moles in moles
lit.-1 lit.-1 lit. 1
Ni(II) COMPLEX
0·10 0'020 0·030 0·04971 43'5 1-4
0·10 0'005 0·020 0·08289 39·7 1·8
0·10 0'005 0·005 0·07725 57·4 2·4
0·10 0'01 0·005 0·05943 58·3 3·5
0·05 0'0075 0·01 0·05228 40·1 2'7
0·05 0·0075 0·0075 0·05215 57·2 H
0·05 0·0075 0·005 0·05000 47·2 3·3
Av. 49·1 ± 7·7 """2-5
Zn(II) COMPLEX
0·08 0·02 0·09 0·05088 29·2
0'08 0·01 0·10 0·06885 26'6 0·4
0·08 0·03 0·08 0·03588 24·4 0·5
0'08 0·015 0·10 0·05940 29'9 0·4
0·08 0·005 0·09 0·08455 23-1 0·6
0·08 0·025 0·08 0·04425 31-6 0·5
0·08 0·01 0·08 0·06724 27·7 0·6
Av. 27'5 ± 2'8 "",,0'5
Cd (II) COMPLEX
0'03
0·06
0'05
0·07
0·08
0·06
0·03 0·02122 202-8
0·03 0·03851 221·3
0·03 0·02526 277'8
0·03 0·02335 207·0
0·04 0'04135 247·2
0·04 0·04315 204-6
Av. 226'8 ± 27·4
1·3
1-4
1·3
1·2
1·1
1-1
"",,1·2
0·03
0·03
0·04
0·05
0·04
0·03
SCN-, SeCN- and Njj ions can be arranged in the
following increasing order of their "softness" on
the basis of Pearson classificationt-e, N;<SCN-<
SeCN-.
Among the metal ions studied, Cd(II) ion is a
" soft" acceptor of electrons- and hence the
following order of stabilities is expectedw: CdSeCN+
>CdSCN+>CdN~. A reversal of this sequence here
is surprising (KCdSeCN+= 96'0, KCdSCN+= 140·8 and
KCdN3+ = 226'8). This anomaly may be due to (a)
in solution the stability is not only determined by
the affinity between the metal ion and the ligand
but also by the hydrational energies of the metal
ion, the ligand and the complex species and (b)
cadmium forms bonds with SCN- ion both through
Sand N atorns'' forming two types of species with
different metal-ligand bond energies. A similar
sequence cannot be predicted for complexes with
other metal ions studied.
An approximate estimation of the mean ionic
diameter (aO) of MN; was made on the basis
of Bjerrum's treatmentw. The value of aO at 25°
for the azido complexes were found to be between
1·2 and 2·2 A (Cd, 1·2 A; Ni, 1·7 A, and Zn, 2·2 A)
which are less than the distance of closest approach
for the associating ions (calculated from the relation-
ship, q = ZlZ2e2/2DkT), suggesting "inner-sphere"
type complexes. It may however be mentioned
that such method of distinguishing between " outer-
NOTES
sphere" and "inner-sphere" complexes from their
K values on the basis of Bjerrum's theory is not
always correct-s although some authors have done
SOli.
References
1. DAs, R. C., DASH, A. C. & MISHRA, ]. P., J. ino,.g. 1Iuel.
Chem., 30 (1968), 2417.
2. DAs, R. C., DASH, A. C., SATYANARAYANA,D. & DAS,
U. N., Thermocbim. Acta, 2 (1971), 435.
3. DAs, R. C., SAHU, G. & SATYANARAYANA,D., J. chem.
Soc. Dalton, 21 (1975), 2236
4. TAYLOR,A. C. & NIMS, L. F., J. Am. chem, Soc., 60 (1938)
262.
5. DAVIES,C. W., J. chem. Soc., (1938), 2093; Ion-association
(Butterworths, London), 1962.
6. GERDING, P., Acta chem. scand., 20 (1966), 2771.
7. PEARSON, R. G., J. Am. chem. Soc., 85 (1963), 3533.
8. PEARSON, R. G., J. chem. Educ., 45 (1968), 581.
9. PEARSON, R. G., Proc . 8th Int. Conf. COOf'd. Chem.,
Vienna, 1964, 315.
10. ASHCROFT,S. J. & MORTIMER,C. T., Theymochemist,.y of
tronsition metal complexes (Academic Press, New York),
1970, 287.
11. HARNED, H. S. & OWEN, B. B., Physical chemist,.y of
electrolytic solutions (Reinhold, New York), 1950. 170.
12. NANCOLLAS,G. H., Qua,.t. Rev .• 14 (1960), 403.
13. WILLIAMS, T., J. inorg. nucl. Chem., 24 (1962), 1215.
Stability Constants of Complexes of
Ni(II), Co(II), Zn(II) & Cd(II) with
p-Chlorobenzoylacetone
B. P. BACHLAS, A. K. RAI & B. P. GUPTA
Department of Chemistry, University of Rajasthan, ]aipur 4
Received 8 September 1975; accepted 19 Decembe,. 1975
The thermodynamic dissociation constant (pkD= 11·91
±0·05) of p-chlorobenzoylacetone and overall stability
constants (lo~ P.) of its complexes with Ni(U), Co(U),
Zn(U) and Cd(U) have been determined potentio-
metrically in 75% (v/v) dioxane-water at 30o±0·1° and
Jl=O·IM (NaCIO,). The values of lo~ P. obtained by
the method of least squares came out to be 19·31±0·03,
18·67±0·07,18·04±0·06 and 15·37±0·06 for Ni(II), Co(II),
Zn(lI) and Cd(U) complexes respectively. This order
is in a~reement with the Irvin~-Wi1liams series. The
solid bis(p-chlorobenzoylacetollate) dihydrate com-
plexes of these metals have also been prepared.
THE effect of a substituent at the IX- and/or
'Y-positions in acetylacetone, on its keto-enol
equilibrium, chemical reactivity and chelating ten-
dency has been the subject of many investigations-+.
But no data have been reported on the Ni(II),
Co(II), Zn(II) and Cd(II)-p-chlorobenzoylacetone
systems. The results of physico-chemical studies
on these systems are presented in this paper.
p-Chlorobenzoylacetone was synthesized by reflux-
ing a mixture containing p-chloroacetophenone
(78 g), absolute ether (400ml), sodium wire (12'5 g)
and ethylacetate (110 g). Sodium p-chlorobenzoyl-
acetonate obtained was kept overnight and washed
repeatedly with ether and dried in vacuo. The
product was dissolved in water and decomposed
with acetic acid and recrystallized from methanol
in white shining needles, yield 55%, m.p. 67°.
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